Abstract: A modifi cation of biphenylyltetrazole moiety of Losartan (A) by 3-(2-heteroaryl)-pyrazolotetrazole (B) is described. Ketone semicarbazones react with two moles of phosphorus oxychloride-dimethylformamide with the formation of 3-substituted pyrazol-4-carbaldehydes. The transformations of 3-substituted pyrazole-4-carboxaldehydes to 3-substituted pyrazole-4-nitriles were carried out by reaction of hydroxylamine in DMFA. The prepared cyano pyrazoles were converted to tetrazoles by heating with trimethylsilylazide and dibuthyltinoxide in toluene.
Introduction
Over the several years, angiotensin II (AII) receptor antagonists have been considered a reliable alternative to inhibitors of angiotensin-converting enzyme and renin, designed to infl uence the renin-angiotensin system, which plays a pivotal role in the regulation of blood pressure and fl uid balance. (Duncia et al. 1990 , Thomas et al. 1992 , Wexler et al. 1996 Especially the DuPont group discovery of a series of (biphenylmethyl) imidazoles as nonpeptide, potent and orally active AII receptor antagonists has provided an important advance in the area, and stimulated a profusion of research. (Duncia et al. 1990 , Thomas et al. 1992 , Wexler et al. 1996 , Bräse et al. 2010 , Roh et al. 2012 ) The discovery of Losartan has led to a large effort in the pharmaceutical industry to fi nd other AII receptor antagonists. Recently numerous compounds possessing various spacer have been introduced as new angiotensin II receptor antagonist. Our research efforts have been focused on the modifi cation of the biphenylyltetrazole moiety which in our case has been replaced by 3-(2-heteroaryl) pyrazolo-4-tetrazoles ( Figure 1 ). As a biosteric replacement of biphenyl moiety in the losartan the heterocyclic rings were used to extend the group of AII type receptor antagonists. We are specially interested in the pyrazole derivatives because are important applications in the fi eld of coordination chemistry, photographic industry and medicinal chemistry. 
Results and Discussion
We utilized the procedure of (Kira et al. 1970 , Lásiková et al. 1998 for the preparation of 3-substituted pyrazol-4-carbaldehydes. The starting methylketones reacted with the semicarbazide in aqueous solution to give rise to the respective semicarbazones (2a-c), isolated in 75-95 % yields, which after having been isolated, were submitted to cyclization by phosphoryl chloride in dimethylformamide to give the 3-substituted pyrazol-4-carbaldehydes (3a-c) in 61-92 % yield. After transformation to 3-substituted pyrazol-4-nitriles (4a-c) in 50-82 % yield and 3-substituted pyrazol-4-tetrazoles (5a-c) were obtained in 72-88 % yield. Structures of 3a-c, 4a-c, 5a-c were confi rmed by means of spectroscopic characterisation (UV-Vis, IR, NMR). 1 H NMR data showed that 3a-c, 4a-c, 5a-c were the only structures present at room temperature (singlet of the CH-proton). Tetrazoles were identifi ed by IR, 1 H, 13 C NMR and by elemental analysis. The typical characteristic change of the cyano group to tetrazole manifested itself in infrared spectra. The band of the CN group at 2100-2200 cm -1 disappeared and a new broad band appeared at 3400 cm -1 . The analysis of 1 H NMR spectra of the compound 5c, taken in DMSO-d 6 failed to unequivocally identify the signal of proton of pyrazol. Instead of the expected sharp singlet we observed a small broad signal, resembling readily exchangeable protons, such as those in amino group. The structure of 5c in solid state was characterized by single crystal X-ray diffraction analysis (Figure 2 ). Scheme 1. Synthesis of 3-substituted pyrazol-4-tetrazoles (5a-c). (Brandenburg 2002) of the 5c with 50 % probability thermal displacement ellipsoids. Hydrogen atoms are represented by circles of an arbitrary radius. C5-C1-C6-N10 -33.9(2).
Conclusions
In this study we presented the new key intermediates for the synthesis of losartan -like angiotensin II receptor antagonists. In a variation of the biphenyl part of different combinations of the heterocycle is expected to increase biological activity. Selected heterocycles such as pyrazole, thiophen and furan are a part of pharmacophore at modeling in drug design.
Experimental Section
All melting points were taken on a Kofl er hot stage and are uncorrected; IR spectra were determined on a Perkin-Elmer 1600 FT-IR system (KBr pellets); NMR ( 1 H at 300,
13
C at 75 MHz) spectra were measured on a Varian VXR 300 spektrometer with CDCl 3 or DMSO-d 6 solvent (TMS as internal reference). Elemental analyses were obtained using a Carlo Erba Elemental Analyzer 1108. Silica gel 60 (230-400 mesh, Merck) was used for column chromatography. Reactions and the collected fraction samples were monitored by TLC (Merck 60 F254 silica gel). Visualization was made with UV light. MS spectra were measured a GS/MS 25 RFA instrument (Kratos Analytical, Manchester). Crystal and experimental data for compound 5c are given on Table 1 . Semicarbazones 2a-c were prepared according to the literature (Vogel 1975) , all the other starting material were commercially available. General method for the preparation of aldehydes 3a-c: To a vigorously stirred mixture of POCl 3 -DMF [prepared by the slow addition of POCl 3 (32.32 g, 0.21 mol) to DMF (30 mL)] cooled below 5 °C, semicarbazones 2a-c (0.088 mol) were added portionwise. The mixture was heated at 60 °C for about 4h, and poured onto crushed ice (1000 g). The mixture was then neutralized with NaOH (20 g in 75 mL of water), heated to 50-60 °C for 5 min, cooled down, and acidifi ed to pH = 6 with 10 M HCl. The solution was extracted with EtOAc (3 × 200 mL) and the combined organic layers were dried and concentrated in vacuo. The crude residue was purifi ed by chromatography (Et 2 O/CHCl 3 , 9/1) to give the aldehydes 3a-c. 
General method for the preparation of nitriles 4a-c:
To a vigorously stirred solution of the aldehyde 3a-c (0.019 mol) in DMFA (20 mL) hydroxylamine hydrochloride (1.48 g, 0.021 mol) was added portionwise. Then Et 3 N (2.63 mL, 0.019 mol) was added droppwise. The reaction mixture was stirred at the room temperature for 1 hour and then at the 160 °C for 2 hours. The reaction mixture was poured on ice and extracted with Et 2 OAc (3 × 50 mL). Combined organic layers were dried with Na 2 SO 4 , fi ltrated and concentrated in vacuo. The crude residue was purifi ed by crystallization from toluene. 3-(5-Methyl-furan-2-yl)-1H-pyrazole-4-carbonitrile (4a) General procedure for conversion of nitriles (4a-c) to tetrazoles (5a-c): To a solution of the nitrile (4a-c) and trimethylsilylazide (2.0 equiv) in toluene was added dibutyltin oxide (0.2 equiv), and the mixture was heated for 24-72 h until the nitrile was consumed (TLC analysis). The reaction mixture was concentrated in vacuo. The residue was dissolved in methanol and reconcentrated. The residue was partitioned between ethyl acetate and 10 % sodium bicarbonate solution (1:1). The combined aqueous extracts were dried over sodium sulfate, fi ltered, and concentrated to give the 5-substituted tetrazole 5a-c. 
13
C NMR (75 MHz, CDCl 3 ), δ C 13.6 (q, CH 3 ), 101.3, 108.4, 112.7, 137.0, 142.8, 150.1, 153.4 (not all quaternary carbons are visible in the spectrum). MS, m/z (%): 216 M+. Anal. calcd. for C 9 H 8 N 6 O: C, 50.00 ; H, 3.73; N, 38.87 %. Found: C, 49.93; H, 3.74; N, 125.9, 128.0, 128.0, 128.1, 128.7, 129.4, 141.6, 150. 
X-ray analysis
A colorless single crystal of 5c (0.56 × 0.19 × 0.11 mm) was obtained by a slow crystallization from a DMSO at room temperature. X-ray data were collected on the Oxford Diffraction Gemini R diffractometer equipped with R CCD detector using Mo Kα radiation at room temperature Crystal data and structure analysis parameters are summarized in Table 1 
